AlmractmHefium data from the waters of the Bransfield Strait, the southern Drake Passage and the northwestern shelf of the Weddell Sea are presented. The 3He profiles from the eastern and central basins of the Bransfield Strait show maxima (63He ~ 7%) below the sill depths that separate the strait from the surrounding open ocean. The 3He excess is interpreted as a local injection of a 3He-rich hefium component into the deep waters of the Bransfield Strait from backarc rifting. Tritiogenic 3He and excess 3He from mi~ng with Circumpolar Deep Water are excluded as possible sources. The estimated 3He/4H e ratio of the injected helium component (2.4-5.0 x 10 ~) is less than that of pure mantle helium and may contain radiogenic helium from continental crustal material which underlies the Bransfield Strait.
INTRODUCTION
Tt~ Bransfield Strait, the northernmost extremity of Antarctica, is essentially a 100 km wide trough trending southwest to northeast between the Antarctic Peninsula and the South Shetland Islands (Fig. la) . The Strait extends for about 460 km between Low Island and Clarence Island. The axial depth of the trough varies from 1100 m in the southwest to 2800 m in the northeast, south of Elephant Island (BARKER and GRIrFrm, 1972) ; it consists of three major basins separated from each other by sills of less than 1500 m in depth. Following GORDON and NowI~ (1978) , we refer to these basins as the western, the central, and the eastern basins. The deepest connections between the Bransfield Strait and the surrounding open ocean are channels near Clarence Island (~ 1000 m) at the eastern end and between Smith and Snow Islands (~-500 m) at the western end of the Strait. Thus, no direct water exchange is apparent between the deep Bransfield Strait and the open ocean at depths much below 1000 m.
The Bransfield Strait is thought to be an active marginal basin either in a back-arc tectonic setting (BARKER and DALZIEL, 1983) or along a transform fault (CRADDOCK, 1983) . Submarine volcanism and hydrothermal activity were recently observed (WHrrI-CAR et al., 1985; Su~ss et al., 1988) . Rifting is known to supply mantle helium to the deep ocean which is characterized by a 3He/4He ratio higher by about a factor of 10 compared to the atmospheric helium isotope ratio of 1.384 x 10 -6 (CLARKE et al., 1969; CRAIG and Lta'roN, 1981) . The purpose of this paper is to present helium data from stations located in the Bransfield Strait, the southern Drake Passage, and the northern Weddell Sea and to demonstrate that these data are consistent with a local injection of 3He into the deep water of the Bransfield Strait. This interpretation is based on data from two separate cruises and supports the more detailed investigation of thermal interaction between backarc volcanism and basin sediments presently underway (SUESS et al., 1988; in preparation) .
SAMPLE COLLECTION AND MEASUREMENT
Water samples for helium isotope measurement were obtained on Legs 2 and 3 of the Third Antarctic Expedition of the German Polar R. V. Polarstern (ANT III, November 1984 -January 1985 at nine stations located in the central and eastern basins of the Bransfield Strait, the southern Drake Passage, and on the shelf of the northern Weddell Sea (Fig. lb) . Additional samples were collected at four stations during Leg 2 of the Fourth Antarctic Expedition of Polarstern (ANT IV, November 1985) in the central basin of the Bransfield Strait (Fig. ld) . The sampling during ANT IV was concentrated in the deep and bottom waters and only at Sta. 306 were samples from depths shallower than 1000 m taken. The water was subsampled from a rosette/CTD system equipped with a Neil Brown Mark III CTD profiler and 12 Niskin bottles (volume: 12 1) and stored in pinched-off copper tubing. In the laboratory, the water samples were degassed in a vacuum extraction system and, after separating other gases including neon, the helium isotopes were measured using a dedicated mass spectrometer (LYNCH and KAY, 1981) . 3He results are reported as deviations of the measured helium isotope ratio R (R = [3He]/[4He]) from that of atmospheric air, i.e. 83He = ((Rsample-Rair)/Rair) X 100%. 4He results are given in units of 10-See STP/g H20, or as deviations from the solubility equilibrium, A4He, where AaHe = ((4Hesample -4Heeq)/4Heeq) x 100% and 4Heeq is the 4He concentration of water in solubility equilibrium with the atmosphere (WEIss, 1971) . The overall precision of the 3He data is +0.2% or better, and that of the 4He data is estimated to be about +0.5%. The accuracy of the 4He data is about _+1%. The 3He data are not corrected for tritium decay during storage of the samples prior to measurement. However, the maximum tritium concentration was measured in samples from the Bransfield Strait to be about 0.5 TR, which leads to a negligible increase of 83He, of at most 0.06%, in the storage time of ~<6 months.
HYDROGRAPHY
The basic hydrographic features of the Bransfield Strait have been described by CLOWES (1934) . The relatively warm and low-salinity surface waters which are prominent in the northern and western part of the Bransfield Strait are advected from the Bellingshausen Sea into the Strait. The same holds for the subsurface temperature and salinity maximum. The southeastern Bransfield Strait is influenced by Weddell Sea waters entering the Strait over the continental shelf near d'Urville and Joinville Islands. This water is colder and more saline than the Bellingshausen Sea water. The waters below 1000 m in the Bransfield Strait are colder and less saline than the waters of the surrounding open ocean at comparable depths. From this discrepancy Clowes concluded that the bottom water of the Bransfield Strait is essentially formed within the Strait and that it is winter thermohaline alteration of the waters situated over the continental shelf of the Antarctic Peninsula bounding the Bransfield Strait which contributes to the renewal of bottom water. GORDON and NOWLIN (1978) concluded from T-S data that one mixing component of near-surface water in the convective renewal of the Bransfield Strait bottom water is the same as that involved in the Weddell Sea bottom water formation. This water mass is found on the shelves of the northwestern Weddell Sea and the southeastern Bransfield Strait.
The T-S diagram for the ANT III stations (Fig. 2a) supports the idea of deep water renewal from the southern shelf of the Bransfield Strait bordering the Antarctic Peninsula; the deep water T-S characteristics are very similar to those of the stations located on the shelves of the northern Weddell Sea (Sta. 120) and the southern Bransfield Strait (Sta. 225). The small differences may be caused by admixture of water with higher temperatures and salinities or by modification of the shelf water in the winter, when most of the deep water should be formed. The different T-S characteristics for the deep water of the eastern and central basins described by GORDON and NOWLIN (1978) The SHe data are plotted in Fig. 3 and listed in Tables 1 and 2 . The ANT III profiles from the eastern and central basins of the Bransfield Strait (Fig. 3a) show surface 3He values near the solubility equilibrium of -2% (FUCHS et al., 1987 (Fig. 3) . At the stations from the southern shelf of the Bransfield Strait (Sta. 225) and from the shelf of the northern Weddell Sea (Sta. 120) 3He concentrations increase with depth to a maximum value of ~-1.25% at a depth of ~250 m (Sta. 225). In contrast, the 3He concentration at Sta. 228, which is located on the shelf of the northern Bransfield Strait, increases to relatively high values of ~5.5% near the bottom at ~400 m.
At Sta. 199, located in the southern Drake Passage (Fig. 1) , SHe concentrations increase from values near the solubility equilibrium with the atmosphere in the surface water to maximum values of ~10% between 700 and 2600 m (Fig. 3d) . Towards the bottom (~3500 m depth) the 3He values decrease to 8.5%. At Sta. 139 the 3He distribution in the upper water column (depth ~<700 m) is very similar to that found at Sta. 119. Below a depth of about 700 m the SHe concentrations decrease steadily with depth to values of ~6% near the bottom (~3000 m depth).
DISCUSSION
The highest 3He concentrations in the eastern and central basins of the Bransfield Strait are found in the deep water below about 1000 m, i.e. below the depth of the sills that separate the Bransfield Strait from the adjacent oceans. Generally, three processes could be responsible for this SHe excess: tritium decay, renewal of the Bransfield Strait deep water from 3He-rich water masses found between about 300 and 1000 m in the Drake Passage and in the northwestern Weddell Sea, or injection of a 3He-rich helium component into the deep waters of the Bransfield Strait. In the following we discuss each process separately. 10 -18 (TAYLOR and ROETHER, 1982) ]. The natural tritium in the ocean is masked by an anthropogenic component which has been brought into the atmosphere by the nuclear weapon tests, mainly in the 1960s; it is introduced to the ocean surface water via water vapor exchange with the atmosphere and by precipitation (WEISS et al., 1979) . As the Bransfield Strait is an area of deep-reaching convection, tritium can be found throughout the water column (GORDON and NOWLIN, 1978) .
To estimate the contribution of tritium decay to the SHe balance in the deep water, a simple time-dependent 1-box model has been calculated (model concept: Fig. 4a ). In the model the deep water below 1000 m depth is assumed to be a well-mixed water mass renewed from the surface water which has a prescribed time-dependent tritium concentration calculated from the data by WEISS and ROETHER (1980) using the procedure described by DREISSIGACKER and ROETHER (1978) . The tritium input function calculated in this way (Fig. 4b) is higher by about 20% compared to the input function given by JENgINS et al. (1983) for the Weddell Sea. This deviation is within the error of such calculations and means that the tritium boundary condition used in the surface box of the model might be taken as an upper limit.
The tritium concentration in the deep water depends on the exchange rate between the deep and the surface water and the decay of tritium. The tritium concentration for the 35% is calculated (Fig. 4d) . Comparing this value to the observed 3He excess above solubility equilibrium with the atmosphere in the deep water of the Bransfield Strait (-~-4-6%), only about 1/4 of the excess can be explained by tritiogenic 3He.
As the tritium data available from the deep Bransfield Strait waters are sparse and the error of the mean values is considerably high (data for 1975 from GORDON and NOWLIN, 1978; data for 1985, unpublished tritium measurements from the Heidelberg tritium laboratory), sensitivity runs were performed in order to estimate the effect of changes in on the calculated tritiogenic 3He excess. These runs were done with values for z ranging from 10 to 100 years to fit the highest and lowest observed tritium values. As can be seen in Fig. 4c the variation of z does not have a big effect on the calculated tritiogenic 3He excess. The reason for this behaviour is that in the case of a lower mean residence time, which results in higher tritum concentrations of the deep water, the 3He produced by tritium decay escapes more rapidly to the atmosphere. On the other hand for higher values the tritium concentrations in the deep water are lower, resulting in a lower tritiogenic 3He production. On the basis of the sensitivity runs we estimate that the tritiogenic 3He signal should range from 1 to 1.5%; i.e. 1/4 to at most 1/3 of the 3He excess observed in the deep water of the Bransfield Strait is related to tritium decay.
Mixing
If the 3He excess were caused by deep water formation via mixing, one of the endmembers involved in the mixing process must have a high 3He concentration. According to GORDON and NowuN (1978) , the deep water in the Bransfield Strait is renewed by deep convection of water masses with temperatures near freezing and salinities of about 34.62% normally found on the shelf of the northern tip of the Antarctic Peninsula. This water mass is exposed to exchange with the atmosphere and therefore exhibits low 3He concentrations (-1 to 1%, see Fig. 3c ). The fact that the 3He concentrations of-1% to +1% are above the solubility equilibrium with the atmosphere by about 1-3% is due to the partial ice cover in this area which suppresses gas exchange.
The Circumpolar Deep Water (CDW) and the Warm Deep Water found in the southern Drake Passage and the northern Weddell Sea are both characterized by high 3He concentrations between 7 and 10% (see Fig. 3d and SCHLOSSER et al., 1987) , but both are either absent from the Bransfield Strait or only of minor importance (GORDON and NOWLIN, 1978) . The upper water column (depth ~<1000 m) is made up of water masses that are relatively cold and low in 3He (~<4%, Fig. 3a, b) . The water found on the shelf of the northern Bransfield Strait is strongly influenced by the CDW, and from the T-S plot (Fig. 2a) it is evident that CDW does not contribute significantly to the deep water.
Therefore, the deep water in the Bransfield Strait should have 3He concentrations similar to that of the water masses found on the shelves of the northern Weddell Sea and the southern Bransfield Strait, respectively, i.e. ~<1%. This, however, is not the case as the deep water has similar temperatures as the shelf water component but the 3He concentrations are higher by about 6% (Fig. 5) . A hypothetical mixing line between shelf water and CDW, the water mass with the highest 3He concentration (broken line in 
Injection of primordial helium
Tritium decay and admixture of CDW can not explain the 3He excess observed in the deep waters of the Bransfield Strait. Thus, we conclude that injection of primordial helium is the source of the 3He excess. This hypothesis can be validated by the 3He/4He characteristics. Figure 6a shows 3He vs 4He for the ANT III stations from the eastern and central basins of the Bransfield Strait (Stas 157, 204 and 229) and from the shelves of the northern Weddell Sea and the southern Bransfield Strait, respectively (Stas 120 and 225). The 3He/4He values of the deep basins of the Bransfield Strait fall along a mixing line between surface water with 3He/4He values close to the solubility equilibrium with the atmosphere (indicated by point A in Fig. 6a ) and the bottom water. The slope of 3He/ 4He of the deep Bransfield Strait waters falls between those for atmospheric helium and primordial helium. The mean values of the 3He and 4He values of the deep water (below 1000 m depth) are 6.16 x 10 -14 CC STP/g H20 and 4.24 × 10-8 cc STP/g H20 (Fig. 6a,  B) for the eastern basin and 6.32 x 10 -14 cc STP/g H20 and 4.28 x 10 -8 cc STP/g H20 (Fig. 6a, C) for the central basin. If, as we assume, the deep Bransfield Strait water is formed from shelf water, the 3He/4He ratio of the injected helium is given by the slopes of the lines DB and DC, respectively, for the eastern and central basin. Thereby D represents the mean 3He/4He characteristic of the shelf water.
The 3He/4He ratios of the injected helium component estimated are about 6 x 10 -6 for the eastern basin and 8 x 10 -6 for the central basin. They are 4.3-5.8 times the atmospheric helium isotope ratio. Similar values are obtained for the ANT IV stations (Fig. 6b) . Because no data from shelf stations are available from this cruise, the initial helium content of the shelf water component is taken to be the same as from the ANT III stations (Stas 120 and 225). The ANT IV 3He/4He data show a considerable scatter in the deep water, leading to a variation in the 3He/4He ratio of the added helium component for the single stations (4-7.1 x 10-6). The origin of this scatter and the low 3He/4He ratio of the added helium component may be due to an atmospheric helium fraction brought into the Bransfield Strait water by addition of a small amount of glacial melt water (SCHLOSSER, 1986) during the deep water formation or due to inclusion of small air bubbles into the copper tube during water sampling. An alternative explanation is the addition of radiogenic helium that is produced in the sediments by the decay of the natural uranium and thorium decay series (3He/4He ratio: 10-7-10-8). Radiogenic helium also can be contributed by rifting of continental crust underlying the Bransfield Strait. The air helium component can be eliminated if neon is measured in parallel to helium, because neon has no known source in the ocean other than air. Because no neon data are available, it is not possible to determine the extent to which the 3He/gHe ratios are influenced by air helium. Further studies of the helium distribution in the Bransfield Strait therefore should include neon measurements.
The 3He/4He ratio of the added helium component has to be corrected for the tritiogenic 3He as estimated above. If a maximum tritiogenic 3He concentration of 2% is assumed, the corrected 3He/4He ratios range from 2.4-5.0 x 10 -6 (1.7-3.6 times the atmospheric 3He/4He ratio). These ratios are much below that obtained for pure mantle helium, which is about eight times the atmospheric 3He/gHe ratio, but are identical to the ratios indicating escape of mantle volatiles through continental crust undergoing exten-e. SCHLOSSER et al. sion (OXBURGH and O'NIONS, 1987) . Interestingly, helium from the Mariana back-arc spreading centre shows also these 3He/"He ratios (3.2 times atmospheric; HORIBE et al., 1986). If the low 3He/4He ratios observed in back-arc basins are a general feature or are indeed related to a continental component can not be decided on the basis of the few available helium data.
